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© High-dynamics amplifier stage with distortion detection. 



© In an amplifier stage comprising a pair of input 
current sources (Ii , b), connected in series between 
a pair of reference potential lines ( + V CCl -Vcc), a pair 
of output transistors (Q5, Qe), connected between 
the pair of reference potential lines and defining an 
intermediate output terminal (D) of the amplifier, a 
driving circuit (Qi-Q* t Q7. Ri) comprising active 
elements and interposed between the input current 
source and the output transistors, and at least one 
saturation control circuit (G A , Qb. Ra, Rb) comprising 
at least one control transistor (Q A ; Q B ) connected 
^with its base to the driving circuit and with its collec- 
^tor and emitter between the output (D) of the am- 
p^plifier stage and the intermediate point (A)" between 
g^the input current sources, to detect distortion due to 
clipping, at least one distortion detection transistor 
^(Q' A ; q' b ) is provided, connected to the control tran- 
ce sistor (Q A ; Qb) so as to detect the current flowing 
CM through the latter, which current is related to the 
q imbalance of the input current sources and therefore 
to the distortion generated in the stage. 
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HIGH-DYNAMICS AMPLIFIER STAGE WITH DISTORTION DETECTION 



The present invention relates to a high-dy- 
namics amplifier stage with distortion detection, in 
particular a final amplifier stage with collector out- 
put and high dynamics. 

In a low frequency amplifier stage of the in- 5 
dicated type, shown by way of example and in 
simplified form in figure 1, the maximum output 
voltage is limited in theory by the supply voltage. 
Actually, in the best of hypotheses, the maximum 
excursion of the output voltage is equal to: io 
2 V cc - V CEQ 5 iSa , - V CEQ6iSat 
When a low frequency amplifier driving a loud- 
speaker with a for example musical signal reaches 
maximum excursion several times, It introduces a 
distortion due to clipping, so that the resulting is 
sound becomes unpleasant 

A circuit can therefore be conceived which 
perceives this distortion condition, and sends this 
information, possibly filtered by means of an appro- 
priate time constant such as to not introduce fur- 20 
ther distortions, to an attenuator circuit having the 
function of reducing the signal sent to the input of 
the amplifier so as to avoid, in stationary con- 
ditions, distortions of the output signal due to clip- 
ping higher than a given percentage. 2s 

For this purpose a circuit connected to the 
inputs of the amplifier stage has already been 
studied which can be schematically represented as 
an operational amplifier. In fact as is known, in 
these types of amplifiers, during normal, linear op- 30 
eration, the voltage between the inputs is ideally 
nil, but becomes different from zero when the out- 
put is incapable of proportionally following the in- 
put since the maximum possible output voltage 
has been reached {i.e. due to the occurrence of 35 
clipping). According to this known solution, there- 
fore, the detector is connected to the inputs of the 
amplifier so as to detect any imbalances thereof 
indicative of the distortion. For this purpose,, the 
known detector comprises at least two threshold 40 
amplifiers or comparators and an adder circuit. 

Said known solution, though it indeed allows 
the detection of clipping, is however not free from 
disadvantages both due to the high circuital pom- 
plexity and due to the interaction with the inputs 4S 
which may be harmful in view, for example, of the 
decrease of the input impedance of the amplifier 
stage and of the increase of the input bias current. 

Accordingly, the aim of the present invention is 
to provide a system for detecting the distortion due 50 
to clipping in high-dynamics ampiifrer stage of the 
indicated type, capable of eliminating the disadvan- 
tages featured by the prior art. 

Within this aim, a particular object of the 
present invention is to provide a simple distortion 



detection circuit, easily integratable with said am- 
plifier stage and such as not to require a substan- 
tial increase in the complexity of said amplifier. 

Still another object of the present invention is 
to provide a distortion detector which does not 
modify the electric characteristics of the associated 
amplifier stage, in particular as to the input imped- 
ance and the input bias current 

Still another object of the present invention is 
to provide a distortion detector in an amplifier stage 
of the indicated type, operating reliably and ca- 
pable of always assuring detection of the presence 
of distortions. 

Not least object of the present invention is to 
provide a distortion detector integratable in an am- 
plifier stage of the indicated type so as not to entail 
an increase in costs in the production of the latter. 

The indicated aim, the mentioned objects and 
others which will become apparent hereinafter are 
achieved by a high-dynamics amplifier stage with 
distortion detection, as defined in the accompany- 
ing claims. 

The characteristics and advantages of the in- 
vention will become apparent from the description 
of a preferred but non exclusive embodiment illus- 
trated only by way of non-limitative example in the 
accompanying drawings, wherein: 

figure 1 is a simplified diagram of the final 
stage of a known amplifier; 

figure 2 is a simplified block diagram of the 
entire loop for the reduction of distortion due to 
clipping according to the invention, and 

figure 3 is a simplified electric diagram of an 
amplifier stage according to the Invention. 

With reference to figure 1, a known low-fre- 
quency amplifier stage with low drop-out (i.e. high 
dynamics) comprises a pair of input current sour- 
ces h, I2, connected in series between a pair of 
reference potential lines + V CC , «V CC and defining 
the input stage, generally formed by a 
voltage/current converter stage. The transistors Q1- 
Q* and the constant current source Q7, together 
with the resistor R1, represent the driving circuit 
while the transistors Qs and Qs form the two final 
transistors connected between the lines + Vcc, - v cc 
and defining therebetween, at point D, the output of 
the amplifier which is connected to a load R L . 

As mentioned, said known circuit has a maxi- 
mum dynamics equal to: 

2 Vcc " V C EQ5.sar ' V CEQB>sat 

so that when the output signal reaches its maxi- 
mum excursion the already described clipping oc- 
curs. 

According to the invention, to eliminate the 
distortion due to said clipping, the diagram of fig- 
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ure 2 is used, wherein 1 schematically indicates a 
final amplifier stage of the indicated type. As can 
be seen in the figure, the output of the amplifier 1 , 
indicated at OUT and driving a loudspeaker 2, is 
sent to a clipping detection circuit 3 generating a 5 
signal proportional to the detected distortion. This 
clipping signal, through a suitable delay circuit 4, 
exemplified here by the capacitor 5 and by the 
resistor 6, is sent to a voltage-controlled attenuator 
7 connected ahead of the amplifier 1 and precisely io 
between the input 8 of the useful signal and the 
input 9 of the amplifier 1. Said attenuator 7, accord- 
ing to the distortion condition detected by the de- 
tector 3, reduces the signal sent at the input of the 
amplifier, thus reducing said distortion. 75 

The distortion detector proposed with the 
present invention is shown in Figure 3, illustrating a 
general circuit diagram of the amplifier stage com- 
plete with the detection circuit 

An amplifier circuit shown in figure 3 employs 20 
the solution object of the published Italian patent 
application No. 20 195 A/87 filed on April 21, 1987 
in the name of the same applicant and included 
herein as reference, capable of reducing the high 
saturation of output transistors. 25 

As can be seen in figure 3, the shown amplifier 
stage still comprises two input current sources U 
and I2 and a driving part including transistors Q1- 
CU and Q7 (forming a constant current source) for 
driving two output transistors Qs and Qc connected 30 
between the positive and negative power supply or 
reference potential lines + V cc , -V^. The two output 
transistors are mutually connected with their collec- 
tors at point D which represents the output of the 
stage, for feeding the load, represented herein by 35 
the resistor R L . 

As in the abovementioned patent application, 
between the outputs of the driving stage, con- 
stituted by the collectors of the transistors Q± and 
Q3 (points B and C), and the bases of the respec- 40 
tive output transistors Qs and Qs , saturation control 
circuits are connected, constituted by a respective 
resistor R B and R A , connected each between a 
driving output and the respective output transistor, 
and by a transistor Q B and Q A , having each its 45 
base connected to the respective driving output 
and connected with its emitter and collector termi- 
nals between the output D of the amplifier stage 
and the input A thereof, defined as intermediate 
point between the current sources h and I2. so 

According to the invention, this known circuit is 
connected a distortion detection circuit essentially 
comprising a pair of transistors Q' A and Q' B con- 
nected each to a transistor of the control circuit so 
as to be flown by the same current in detail, the 55 
base of the transistor q' a is connected to the base 
of the transistor Q A , while its collector is connected 
to the collector of Q A . Accordingly Q A has a base- 



collector voltage equal to that of Q A and, since the 
latter is made to operate in its inverse linear region, 
Q a ai-so operates in its inverse linear region and 
supplies an emitter current flowing from the emit- 
ter towards the collector, equal to the current flow- 
ing through Q A . 

Similarly, the transistor Q B has its base con- 
nected to the base of Q B and its emitter connected 
to the emitter of Q B . Accordingly the transistors Q B 
and Q B operate with the same base-emitter volt- 
age and therefore have an equal collector current. 

In the example shown in Figure 3, the clipping 
detector circuit which in its basic structure essen- 
tially comprises only one of the transistors Q' A , 
Q s, here also includes an adder circuit constituted 
by the transistors Q S i and Qsa- In detail, the tran- 
sistor Q S i is diode-connected in series between a 
further reference voltage line v' cc and Q A , so as to 
be flown by the same current as Q A , while the 
transistor Qs2, forming a mirror with Q S i. and there- 
fore flown by the same current as the latter and 
thus as Q At has its collector coupled to the collec- 
tor of q'b. so that the current flowing in the line 20, 
connected to the collectors of Q B and Qs2, is the 
sum of the currents detected by Q A and Q B . In 
the illustrated example, downstream of the adder 
circuit a threshold comparator is provided for sup- 
plying a control signal only when the distortion 
detected at the output of the amplifier stage ex- 
ceeds a given value. For this purpose, the line 20 
is connected to the positive input of a threshold 
amplifier or comparator 21 which receives on said 
input by virtue of the resistor Rref, a voltage 
proportional to the existing distortion. By applying a 
reference voltage V REF to the negative input of the 
comparator 21, the latter generates at the output a 
control signal indicative of minimal distortion, which 
signal can thus be fed to the attenuator 7, accord- 
ing to the diagram of figure 2, which correspond- 
ingly attenuates the signal fed at the input of the 
amplifier 1 by acting on the sources U and fe. 

The operation of the amplifier with distortion 
detection circuit according to the invention is as 
follows. 

As already indicated in the abovementioned 
patent application, initially supposing that the cur- 
rent delivered by the source h is smaller than the 
current delivered by the source I2 (i.e. that h < I2) 
the transistors Q1, Cfe, Q3, Qs are off, while the 
transistors Q* and Qs are on. Accordingly, the 
voltage of the output point D tends to rise to the 
positive supply voltage V^. Accordingly the voltage 
between the base and emitter of the transistor Q a 
also rises and, when it reaches the switch-on 
threshold thereof causes the switching on of Q s 
which thus conducts current between its emitter 
and its collector. This collector current of Qe, fed to 
the input point A, feeds the base of Qi , preventing 
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its complete switching off. In practice, ignoring the 
base current of Qi , the current through Q B is 
practically equal to the imbalance between U and- 
b , that is: 

l c = I2 - Ii s 
If instead the current delivered by the source h 
is greater than the current delivered by the source 
b» i.e. if li>l2r the excess current of the source U 
tends to saturate the transistor Q 2 and the transis- 
tor Q G , making the output D approach the negative 10 
power supply. Here, too, when the voltage dif- 
ference between point C and point D reaches ap- 
proximately 0.6 V, directly biasing the base-collec- 
tor junction of the transistor Q A , the same switches 
on with inverse bias, conducting current between 15 
its emitter and its collector. In this case, l c is given 
by: 

l c « h - I 2 

Consequently, due to the connection of the 
distortion detection transistors Q' A and Q' B to the 20 
related control transistors Q A and Q B , these are 
selectively flown by a current proportional to the 
imbalance between the currents h and I2. 

In a complete amplifier it can be shown that 
within certain limits, and as in any case imaginable. 25 
this imbalance is a function of the percentage of 
distortion produced by the amplifier due in particu- 
lar to the attainment of the maximum dynamics of 
the output signal (clipping). 

Consequently, the transistors Q' A and Q' 8 sup- 30 
ply a current which is a function of the percentage 
of distortion and can thus be used for driving the 
attenuator 7 of figure 2. 

In the illustrated case, in which the transistors 
Q A and Q B are connected by the adder circuit, a 35 
signal is obtained on the line 20 which is linked to 
the distortion alternately detected by Q' A or by Q' a , 
since the output transistors Qs and Qg operate 
alternately. The distortion signal present on the line 
20 is fed to the threshold comparator 21 which thus 40 
generates a driving signal on the output 22 only 
when the distortion has reached a preset minimum 
value, adjustable by means of the resistor R REF or 
of the reference voltage V REF . This driving signal is 
then filtered by the circuit 4 and sent to the at- 45 
tenuator 7. 

As can be seen from the above description, the 
invention fully achieves the proposed aim and ob- 
jects. In fact, an amplifier stage has been provided 
comprising an extremely simple circuit for detect- so 
ing the distortion due to clipping which, in some 
cases, may comprise even only one of the two 
detection transistors q' a or q' 3 , which is easily 
integratable in the structure of the output amplifier 
without requiring high circuital complexities or 55 
greater bulk , and may be manufactured during the 
same process steps required for the production of 
the overall amplifier, so that the latter has overall 



costs equivalent to known amplifiers. 

The indicated solution is also advantageous as 
to its reliability and also in view of the electric 
characteristics of the amplifier stage, which are 
practically not modified by the addition of the dis- 
tortion detection circuit which operates on the final 
part of said stage, not altering its input characteris- 
tics. 

The invention thus conceived is susceptible to 
numerous modifications and variations, all within 
the scope of the inventive concept, in particular, 
though a complete diagram with distortion detec- 
tion on both output transistors and with further 
downstream circuits for the unification of the in- 
formation and for comparison has been shown in 
figure 3, the fact is stressed that, when this is 
sufficient it is possible to provide only one of the 
two distortion detection transistors and to directly 
control the attenuator according to the signal sup- 
plied by said transistor. 

Even if it is preferred to provide both distortion 
detection circuits, the information supplied thereby 
may be used separately, without providing the 
above described unification circuit, or it is also 
possible to provide a circuit which unifies the in- 
formation supplied by the two distortion detection 
circuits which operates differently from the one 
shown in figure 3. 

The fact is furthermore stressed than the 
threshold comparator may even be omitted and 
that the obtained distortion signal may possibly 
undergo further processings, possibly required in 
particular cases. 

Finally, ail the details may be replaced with 
other technically equivalent ones. 

Where technical features mentioned in any 
claim are followed by reference signs, those refer- 
ence signs have been included for the sole pur- 
pose of increasing the intelligibility of the claims 
and accordingly, such reference signs do not have 
any limiting effect on the scope of each element 
identified by way of example by such reference 
signs. 



Claims 

l . A high-dynamics amplifier stage with distor- 
tion detection, comprising a pair of input current 
sources (h ,1 2 ), connected in series between a pair 
of reference potential lines (+V CCl -Vc,.), a pair of 
output transistors (Qs, Qs). connected between said 
pair of reference potential lines and defining there- 
between an output terminal (D) of said amplifier 
stage, a driving circuit (Qi-Qa, Q7, R1) including 
active elements and interposed between said input 
current sources and said output transistors, and at 
least, one saturation control circuit (R A , R B , Q A , Qb) 
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including at least one control transistor (G Al Q 8 ) 
connected with its base terminal to said driving 
circuit and with its collector and emitter terminals 
between one of said output, transistors (Qs, Qs) and 
the input current sources, characterized by at least 
one distortion detection transistor (Q Al Q B ) con- 
nected to said control transistor (Q At Qb) so as to 
supply a distortion detection current proportional to 
the current flowing through said control transistor 
and correlated to the distortion generated by said 
amplifier stage. 

2. A high-dynamics amplifier stage according 
to claim 1, comprising a pair of saturation control 
circuits (R A , Rb. Qa. Qb) respectively including at 
least a first (Q B ) and a second (Q A ) control transis- 
tors connected with their base terminals to said 
driving circuit (Gi-CU, Q7, R1), said first control 
transistor (Q B ) being connected with its emitter 
terminal to said output terminal (D) and with its 
collector terminal to said input current sources (h, 
I2), and said second control transistor (Q A ) being 
connected with its collector terminai to said output 
terminal (D) and with its emitter terminal to said 
input current sources, characterized by a first dis- 
tortion detection transistor (Q B ) connected with its 
own base terminal to the base terminai of said first 
control (Q B ) transistor and with its own emitter 
terminal to the emitter terminal of said first control 
transistor and a second distortion detection transis- 
tor (Q A ) connected with its own base terminal to 
the base terminal of said second control transistor 
(Q A ) and with its own collector terminal to the 
collector terminal of said second control transistor, 
said distortion detection transistors supplying dis- 
tortion detection currents proportional to the cur- 
rents flowing through the associated control transis- 
tors and correlated to the distortion generated by 
said stage. 

3. An amplifier stage according to claim 1 or 2, 
characterized in that said distortion detection cur- 
rent or currents is/are sent to a controlled attenua- 
tor (7) connected ahead of said amplifier stage (1). 

4. An amplifier stage according to any of the 
preceding claims, characterized by a delay circuit 
(5,6) arranged between said distortion detection 
transistor or transistors and said controlled attenua- 
tor (7). 

5. An amplifier stage according to any of 
claims 2 to 4, characterized by an adder circuit 
(Qst. Qs2) interposed between said distortion de- 
tection transistors and said controlled attenuator (7) 
and having a first input connected to the collector 
terminai of said first detection transistor (Q s ) and a 
second input connected to the emitter terminal of- 
said second detection transistor (Q A ) for generat- 
ing at the output a current signal equal to the sum 
of the currents flowing through said detection tran- 
sistors. 



6. An amplifier stage according to claim 5, 
characterized in that said adder circuit comprises a 
current mirror circuit including a first and a second 
adder transistors (Q sil Q S 2) said first adder transis- 

5 tor (Q S i) having its collector terminal connected to 
the emitter terminal of said second detection tran- 
sistor (Q' a ), to its own base terminal and to the 
base terminal of said second adder transistor (Qss), 
said adder transistors having mutually connected 

70 emitter terminals and said second adder transistor 
(Qsz) having its own collector terminal connected to 
the collector terminal of said first detection transis- 
tor (Q B ) and forming the output of said adder 
circuit. 

15 7. An amplifier stage according to claims 5 and 

6, characterized in that said output of said adder 
circuit is connected, through a current-voltage con- 
verter (Rref). to a first inpuf ( + ) of a comparator 
circuit (21) having a second input (-) set to a 

20 threshold reference voltage, said comparator circuit 
generating at the output a control signal when the 
distortion detected by said detection transistors 
exceeds said threshold reference voltage. 
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© High-dynamics amplifier stage with distortion detection. 



© In an amplifier stage comprising a pair of input 
current sources (h, fe). connected in series between 
a pair of reference potential lines ( + V CC , -V cc ) t a pair 
of output transistors (Qs. Qg), connected between 
the pair of reference potential lines and defining an 
intermediate output terminal (D) of the amplifier, a 
driving circuit (Qi-CU, Cb, Ri) comprising active 
elements and interposed between the input current 
source and the output transistors, and at least one 
saturation control circuit (Q A , Qb, Ra, Rb) comprising 
at least one control transistor (Q A ; Qb) connected 
fv) with its base to the driving circuit and with its collec- 
^tor and emitter between the output (D) of the am- 
plifier stage and the intermediate point (A) between 
O^the input current sources, to detect distortion due to^ 
^clipping, at least one distortion detection transistor 
- — <Q A ; q'b) is provided, connected to the control tran- 
0)sistor (Q A ; Qb) so as to detect the current flowing 
^through the latter, which current is related to the 
0 imbalance of the input current sources and therefore 
to the distortion generated in the stage. 
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